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C laims 

1. A method for forming a position alignment mark used for electron beam exposure, 
characterized in that it contains a process that successively layers a thin film and a first resist film 
on top of a semiconductor substrate on which an activation layer has been formed on one of the 
faces, a process that forms a first aperture at a position corresponding to a section in which the 
above-mentioned activation layer for this first resist film has been formed and a second aperture 


an ohmic electrode and a metallic film used for a position alignment mark on top ot the 


above-mentioned aetive layer and the above-mentioned semiconductor substrate by passing 
through the above-mentioned thin film that was removed by etehing. a process that forms, on top 
of the above-mentioned thin film, a second resist film having a third aperture containing a 
metallic film used for the above-mentioned position alignment mark after the above-mentioned 
first resist film is removed, and a process that, after removing the above-mentioned metallic film 
used for the above-mentioned position alignment mark by using the above-mentioned thin film as 
a mask, removes the above-mentioned semiconductor substrate by etching. 

2. A method for forming a position alignment mark used for electron beam exposure as 
recorded in Claim 1, characterized in that a position alignment mark of a concave shape is 
formed on the above-mentioned semiconductor substrate by means of forming in one place a 
second aperture that is formed on the above-mentioned first resist film 

3. A method for forming a position alignment mark used for electron beam exposure as 
recorded in Claim 1 , characterized in that, by means of creating, in two locations, second 
apertures on the above-mentioned first resist film concave sections that is formed on the 
above-mentioned semiconductor substrate, a convex position alignment mark is formed by 
means of the above-mentioned semiconductor substrate which is not removed that is sandwiched 
between this concave section and these concave sections at two locations. 

Detailed ex planation of the invention 
Objective of the invention 
Industrial application field 

This invention relates to a method for forming a position alignment mark used for 
electron beam exposure in the manufacture of semiconductor devices. 

Prior art 

The minimum processing dimensions that are required in the manufacturing processes for 
a semiconductor device are extremely minute, and the minimum gate electrode dimensions for a 
microwave semiconductor device using chemical semiconductors such as gallium arsenic (GaAs) 
have already passed 0.25 [im. Electron beam exposure technology using an electron beam is 

being w idely used as a processing method for this type of microscopic pattern. 

For the position alignment mark that is necessary for the purpose of forming a pattern on 
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of the detection signal are greath affected b\ the forming conditions tor this position alignment 
mark. As for the conditions required tor the position alignment mark used for electron beam 


exposure, it is most important that the edge sections of the mark be cut sharply and that the 
surface of the concave mark or the convex mark be smooth. 

Howev er, in electron beam exposure, because a long time is required in exposure, the 
throughput is poor compared to ordinary optical exposure at the time of manufacturing a 
semiconductor device, and there are frequently cases in which it is only used in processes in 
which the most precise processing is required. For example, in a Schottky barrier type field effect 
transistor using a GaAsFET (MESFET), generally, electron beam exposure is used in the pattern 
forming for the gate electrode, and for the other processes, pattern forming is conducted by light 
exposure. 

The characteristics of MESFET are significantly influenced by the dimensions of the gate 
electrode and the separation of the source electrode and drain electrode, which are ohmic 
electrodes. Therefore, the position alignment of the gate electrode of the MESFET must be 
conducted with good precision in contrast to the ohmic electrode. Because of this, it is desired 
that the posistion alignment mark used for the electron beam exposure that is used in a MESFET 
be formed at the same time as the forming of the ohmic electrodes. 

However, w ith the ohmic electrode of the MESFET. generally, an alloy comprising Ni 
and AuGe is used, and in order to obtain an ohmic connection \\ ith the semiconductor substrate, 
the alloying process is conducted at a high temperature of 450°C or more. Because of this, in the 
event the position alignment mark used for the electron beam exposure is formed from Ni and 
AuGe. there is a deterioration of the edge section of the position alignment mark and a severe 
loss of the smoothness of the surface because of the alloying process for the ohmic electrode. 

Therefore, even if the position alignment mark used for the electron beam exposure is 
formed at the same time as the ohmic electrode, the position detection precision and the S/N ratio 
of the detection signal that can be obtained by means of the electron beam radiation is 
insufficient for the required value. In addition, the surface condition of the position alignment 
becomes completely changed just by the slight differences in the composition of the Ni and the 
AuGe. and by conditions such as temperature and time at the time of alloying changing slightly, 
and in severe cases, the noise component of the detection signal becomes too large, and there are 
cases in which mark detection becomes impossible. 

Also, when the ohmic electrode and the position alignment mark used for the electron 
beam are patterned separately, and the position alignment mark used for the electron beam does 
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brought about. 
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Problems to be solved by the invention 

As was explained above, in the method tor forming a position alignment mark used for 
electron beam exposure that was used in the past, the position alignment mark was deformed due 
to the thermal heat treating process at the time of the formation of the ohmic electrode, and the 
position alignment of the gate electrodes could not be accurately done. Thus, with this invention, 
this type of defect is eliminated, and the objective is to form a position alignment mark in which 
accurate position alignment of the gate electrodes can be conducted. 

Constitution of the invention 
Means to solve the problems 

!n order to achieve the above-mentioned objective, with the method for forming a 
position alignment mark used for electron beam exposure of this invention, a thin film is formed 
having a first aperture used for the ohmic electrodes and a second aperture used for the position 
alignment mark formation on top of a semiconductor substrate, the metallic film used for the 
ohmic connection passes through the first aperture and is coated on the semiconductor substrate, 
and the position alignment mark is formed by means of etching away a section of the 
semiconductor substrate through the second aperture. 

Operation 

In the method for forming a position alignment mark used for electron beam exposure of 
this invention, a step is formed in the semiconductor substrate by means of etching aw ay a 
section of the semiconductor substrate; this step is made a position alignment mark, and since 
thermal deformation of the semiconductor substrate is difficult to bring about with the thermal 
processing that accompanies the alloy ing process during the ohmic electrode formation, the 
position alignment mark is not deformed. Also, since the forming position for the position 
alignment mark is conducted at the same time as setting the forming position for the ohmic 
electrodes, in the event the gate electrodes are formed by using the position alignment mark as a 
target, positional mismatch of the ohmic electrode and the gate electrode is eliminated. 

Application examples 

Below, an explanation is given for one application example of this invention with 
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Ia\ or { 2 ) is formed on top of the semiconductor substrate ( 1 ). tor example, a semi -insulating 
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CiaAs substrate, on top of this semiconductor substrate ( 1 ), a thin film, for example, a 3000 A 
SiO: film (3). and a resist film (4), are successively accumulated. 

Next, as is shown in Figure 1(b), in order to remove the SiO: film (3) by etching, a first 
aperture (5) and a second aperture (6) are formed in the resist film (4). Here, the first aperture (5), 
in order to form the source electrode and the drain electrode, which are ohmic electrodes, is 
formed in two places at positions corresponding to the section at which the activation layer (2) of 
the resist film (4) is formed. The second aperture (6) is formed in one location at a position 
corresponding to the section at which the activation layer of the resist film (4) is not formed in 
order to form the position alignment mark. After that, using the resist film (4) as a mask, the 
exposed SiO: film (3) is removed by etching at the same time. 

^^ext, as is shown m ! h igure 1(c), the metallic film that is formed by Ni-AnGe is deposited 
to 2000 A on top of the activation layer (2) and the semiconductor substrate (1 ) through the first 
aperture (5) and the second aperture (6). Here, the metallic film that is deposited through the first 
aperture becomes the metallic film (7-1 ) used for the ohmic electrodes, and the metallic film that 
is deposited through the second aperture becomes the metallic film (7-2) used for the position 
alignment mark. Then, the unwanted sections of the metallic film are removed along with the 
resist film by using a lift-off method. 

Next, as is shown in Figure 1(d). a resist film (8) is newly painted on the semiconductor 
substrate (1 ), and the third aperture is formed including the metallic film (7-2) used for the 
position alignment mark. Then, after the metallic film (7-2) used for the position alignment mark 
within the third aperture (9) is removed and the semiconductor substrate (1) face is exposed, the 
exposed face of the semiconductor substrate ( 1 ) is etched by using the SiO: film (3) as a mask, 
and the concave position alignment mark (10) is formed. 

Next, as is show n in Figure 1(e), the SiO: film (3) is peeled off and the ohmic electrode 
( 1 1 ) is formed by means of an alloying process, and finally, position alignment of the gate 
electrodes is conducted using the position alignment mark ( 10) as a target by means of electron 
beam exposure, and by means of forming the gate electrode ( 12). the MFSFFT is completed. 

As for the position alignment mark (10) used for electron beam exposure that was 
obtained in this manner, since it is not influenced in any way by the thermal process that 
accompanies the alloying process during the ohmic electrode formation because it is directly 
formed on the semiconductor substrate ( 1 ), excellent signal detection for the gate electrode can 
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In the explanation of Figure 1. an example of a convex shape was explained as the 
cross-sectional shape of the position alignment mark used for electron beam exposure, but the 
formation of a concave position alignment mark is also possible. In other words, in the process of 
f igure 1(b) of Application Hxample 1, a second aperture (6') is provided in two locations in the 
section in which the activation layer (2) is not formed on top of the semiconductor substrate (1 ) 
for the resist film (4) at the same time as providing the first aperture (5). Next, the SiO: film (3) 
is removed by etching by using this resist film (4) as a mask. Then, after a metallic film is 
covered on the entire face of the semiconductor substrate (1 ), if the resist film (4) and the 
unwanted metallic film are removed by using a lift-off method, as is shown in figure 2(a), the 
metallic film (7-1 ) used for the ohmic electrode and the metallic film (7-2 r ) used for the position 
alignment mark are respectively formed in two locations on top of the activation layer (2) and the 
semiconductor substrate (1) through the Si(>2 film (3) that was removed by etching. 

Next, as is shown in Figure 2(b), a resist film (8) is newly painted on the semiconductor 
substrate (1). and the third aperture (9') is formed including the metallic film (7-2') used for 
position alignment for two locations. Then, after exposing the semiconductor substrate (1) by 
etching away the metallic film (7-2') used for position alignment within the third aperture (9')„ the 
concave sections are formed at two locations by means of etching the exposed face of the 
semiconductor substrate ( 1 ) by using the Si()2 film (3) as a mask. Here, the concave sections for 
two locations [illegible: probably an adverb] form the convex position alignment mark (10') by 
means of the non-etched semiconductor substrate (1) sandwiched by the concave sections. 
Finally, as is shown in Figure 2(c). using the convex position alignment marks ( 1 0') as a target, 
position alignment of the gate electrode is conducted, and the gate electrode (12) is formed. 

As for the convex position alignment marks (10') that are formed in this manner, along 
w ith their not being influenced by the alloying process at the time of forming the ohmic 
electrodes in the same manner as the above-mentioned Application Hxample 1. the position 
alignment precision becomes high. 

In the above-mentioned Application Examples 1 and 2. in regard to the depth of the 
etching of the semiconductor substrate ( 1 ), it is necessary to determine this according to the 
conditions for the electron beam radiation for the of alignment mark position detection, but even 
in the case of a comparatively shallow [depth) of about 0.3 mm. a sufficient signal strength can 
be obtained. Also, for the film thickness of the SiO: film (3). it is desirable that it be made the 


Also, as for the Si( ); film, it can be other insulating films, for example. Si( ) and Si ,N j. 
metallic films of \I. An. or the like, and combinations of these, and the semiconductor substrate 
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is also not limited to a semi-insulating (iaAs substrate. Also. Ni-AuCIe was used as an example 
as the metallic film used for the ohmie electrodes, but it can also be Au-AuGe, or Pt-Au(ie. and 
it does not matter even if it is covered by a metal layer used for a bonding pad made of Au-Pt-Ti 
on the upper section of the metal layer used for the ohmie electrodes. Also, [this invention] is not 
limited to electron beam exposure, and of course, can also be used with other electrically charged 
beam exposure [methods |, for example, ion beam exposure. 

Kffect of the invention 

As was explained above, according to this invention, since the position alignment mark is 
formed directly on the semiconductor substrate, deformation of the position alignment mark does 

* _ . J . . *~ 4 U U , w» 4 <rMMt!r 1 M iVw»t ni^Amnonmo t K ^ o 1 Invinn nrnppcc rliirirwT tVi^ nhmip 
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electrode formation. Therefore, an excellent position alignment mark used for electron beam 
exposure can be formed in which the position detection precision is high, and a detection signal 
can be obtained in which the noise component is slight. 

Brief description of the fiizures 

Figures 1(a) to 1(e) are process cross-sectional views showing one application example of 
this invention, and Figures 2(a) to 2(c) are process cross-sectional views showing another 
application example of this invention. 

1 Semiconductor substrate 

2 Activation layer 

3 Si0 2 film 

4 First resist film 

5 First aperture 

6 Second aperture 

7-1 Metallic film used for ohmie electrodes 

7-2. 7-2' Metallic film used for position alignment mark 

8 Second resist film 

9. 9' Third aperture 

10. 10' Position aliunment mark 
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